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Abstract
In mechanized timber harvesting, it is common practice to build brush mats from logging 
residues on skid trails. Protective effects of brush mats against soil compaction are documented 
by several studies. On the other hand, a large quantity of nutrients is concentrated on the skid 
trail. Fully mechanized harvesting has been criticized frequently for this reallocation of nutri-
ents. Is there really a risk of nutrient leaching below skid trails or imbalances? Are the nutrients 
redistributed through nutrient uptake by roots of adjacent trees? Effects of fully mechanized 
thinning on soil, water and nutrient balance were examined in a seventy years old spruce stand 
on a nutrient poor site in Bavaria. Sections of the trails were covered with brush mats, while 
other sections remained uncovered. For five replications, soil physical properties, soil chemistry, 
matter and water balances and the density of fine roots were measured in the middle of the trail, 
under the tire tracks, at the transition of trail and stand and inside the stand over a period of 
two years. Logging operation caused soil compaction. The macropore volume decreased and 
both hydraulic conductivity and air permeability were severely reduced. The nutrients were 
largely kept in the forest ecosystem. Results of the soil moisture monitoring indicate that, 
within the sections covered by a brush mat, tree roots extracted water from the soil between the 
tracks. Without cover, the trees scarcely extracted water from this area. Hence, building a brush 
mat can facilitate water availability and thus enable redistribution of nutrients.
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2.4 Element input from mineralization





were	collected,	 the	 losses	 in	mass	and	 the	nutrient	
mineralization	were	determined	after	HNO3	pressure	
digestion.

































































Fig. 1 The profile of a brush mat before compaction by forest ma-
chinery and after compaction
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Table 1 Comparison of soil parameters between different locations 








Bulk density,  
g/cm3
5–10 1.05 a 1.44 b 1.37 c
15–20 1.33 a 1.53 b 1.44 b
25–30 1.3 a 1.51 b 1.39 a
35–40 1.39 1.51 1.47
Porosity,%
5–10 57% a 40% b 47% c
15–20 48% a 37% b 46% a
25–30 49% a 38% b 47% a




5–10 16% a 4% b 5% b
15–20 12% a 4% b 7% b
25–30 15% a 5% b 10% b




5–10 13% a 6% b 6% b
15–20 10% a 5% b 7% c
25–30 8% a 6% b 7% b
35–40 8% 6% 7%
Residual pores, 
<10 mm
5–10 28% a 30% a 36% b
15–20 27% a 27% a 32% b
25–30 25% a 24% a 30% b





5–10 441 a 39 b 110 c
15–20 224 76 105
25–30 304 a 137 b 191 ab




5–10 12.4 5.4 0.4
15–20 4.8 2.8 0.6
25–30 4.2 1.3 1.1
35–40 1.5 11.0 0.6
a, b, c – data indicate significant differences between locations at the level of 95% 
as a result of a t test
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Table 2 Average throughfall deposition in 2007 to 2009
Measuring point
H2O N S Ca Mg K
mm kg ha–1 y–1
Open field 932 10.9 3.7 1.8 0.7 3.0
Inside stand 633 20.7 5.6 4.1 1.2 15.2
Edge of skid trail 647 21.0 5.7 4.3 1.4 15.6
Middle of skid trail 765 15.2 4.5 3.2 1.0 10.2
 


























Fig. 2 The rate of mineralization of dry matter and different ele-
ments in litterbags filled with needles deposited inside the stand
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Table 4 Material flow with the percolating water in a soil depth of 
40 cm on average of 2007 to 2009
Measuring point
H2O N Ca Mg K
mm kg ha–1 y–1
Inside stand 301 0.7 2.5 2.2 4.9
Skid trail with brush mat, without outlier 487 1.4 4.2 5.4 5.8
Skid trail with brush mat, only outlier 487 76.8 9.4 12.5 15.0
Skid trail without brush mat 487 1.4 3.5 4.2 6.8
 







Table 3 Total C and N pool and the stock of different elements at the cation exchanger in soil samples from inside the stand and in the 
middle of the skid trail measured three years after thinning
Depth Location
C N K Ca Mg Al Mn Fe CEC
t ha–1 kmol ha–1
Organic layer
Inside stand 62.5 2.5 0.9 ab 4.6 1.6 2.7 0.9 1.2 17.4
Skid trail with mat 72.8 3.0 1.3 a 7.2 2.8 3.9 1.6 1.5 23.7
Skid trail without mat 58.6 2.3 0.6 b 4.0 1.8 3.2 0.9 1.4 17.1
0–10 cm
Inside stand 30.5 1.7 0.6 a 0.8 a 1.1 27.1 0.6 6.9 43.6
Skid trail with mat 32.9 1.8 1.2 b 2.2 b 2.0 30.9 0.7 6.1 49.7
Skid trail without mat 35.2 2.1 0.6 ab 1.4 ab 1.6 30.4 0.9 9.8 52.0
10–20 cm
Inside stand 14.8 ab 1.5 a 0.7 ab 0.8 1.0 22.7 1.3 0.4 32.3
Skid trail with mat 15.5 a 1.2 b 0.9 a 0.9 1.0 25.1 0.8 0.6 34.5
Skid trail without mat 11.3 b 1.5 ab 0.5 b 0.9 0.9 21.5 1.3 0.6 30.1
20–40 cm
Inside stand 13.1 2.7 ac 1.4 ab 1.6 ab 1.7 34.4 2.1 0.2 51.6
Skid trail with mat 13.0 2.0 b 1.9 a 1.5 a 1.9 49.3 2.0 0.3 68.5
Skid trail without mat 11.3 3.1 c 1.0 b 2.2 b 1.8 37.8 2.2 0.4 54.8
a, b, c – data indicate significant differences between locations at the level of 95% as a result of a t test
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Fig. 3 The development of the volumetric water content inside the stand (reference), in the middle of the skid trail with and without a brush mat
Fig. 4 The rooting of soil columns below tire tracks covered with a 
brush mat (right) and without a mat (left) two years after passing 
of forest machinery 
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The	 observed	 growth	 reactions	 are	 plausible.	 We	
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